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1.  INTRODUCTION 
7KHPRGHUQ YLOODJH RI8PP4DLV DQFLHQW*DGDUD GXULQJ WKH
5RPDQ(PSLUH
VRFFXSDWLRQRI-RUGDQLVVLWXDWHGNPQRUWK
RI $PPDQ &DSLWDO RI -RUGDQ RQ D EURDG SURPRQWRU\ 
PHWHUV DERYH VHD OHYHO ZLWK D PDJQLILFHQW YLHZ RYHU WKH




WKH VLWH UHSUHVHQWLQJ WKH 5RPDQ WRPEV )LJ  ([FDYDWLRQV
XQFRYHUHG VRPH LPSRUWDQW DQG PDJQLILFHQW DUFKLWHFWXUDO
PRQXPHQWV DW WKH VLWH VXFK DV URFNFXW DQG EXLOW WRPEV LQ
GLIIHUHQW VKDSHV DQG VWUXFWXUHV LQZKLFK QXPHURXV UHPDLQV RI
FRLQVERQHVSRWWHU\REMHFWVPHWDOWRROVDQGJODVVREMHFWVZHUH
IRXQG *UHDW FROOHFWLRQV RI LQWDFW JODVV REMHFWV RI GLIIHUHQW
W\SRORJLHV DQG FRORUV ZHUH XQFRYHUHG IURP WRPEV QR DQG 
)LJ7KHVHJODVVHVZHUHUHFRYHUHGWRJHWKHUZLWKFRQVLGHUDEOH




WR EH D JRRG H[DPSOH RI IUHVKO\ H[FDYDWHG JODVV RQ ZKLFK
VHYHUDOILUVWDLGWUHDWPHQWVFRXOGEHFDUULHGRXWLQWKHILHOG
,W ZDV VWDWHG WKDW ZKHQ JODVV LV EXULHG LQ D ZDWHUFRQWDLQLQJ
HQYLURQPHQWWKHVXUIDFHRIWKHJODVVUHDFWVFKHPLFDOO\ZLWKWKH
ZDWHU$GGLWLRQDOO\WKHDPRXQWDQGW\SHRIUHDFWLRQLVDIIHFWHG
E\ WKHFRPSRVLWLRQRI WKHJODVVDQG WKHS+RI WKH VXUURXQGLQJ
OLTXLG ,W ZDV JHQHUDOO\ DFFHSWHG WKDW VHYHUDO SDUDPHWHUV
LQIOXHQFHG WKH DUFKDHRORJLFDO JODVVHV SDWKRORJ\ GXULQJ EXULDO
OLNH W\SH RI JODVV EXULDO FRQGLWLRQV DQG WKH WKHUPDO KLVWRU\
-DFNVRQHW DO  ,W LV SUHVHQWO\ WKRXJKW WKDW D UHDFWLRQ LV
EURXJKW DERXW E\ WKH GLIIXVLRQ RI ZDWHU PDLQO\ WKURXJK +
FDWLRQ H[FKDQJH LQWR WKH JODVV DQG WKHPLJUDWLRQRI WKH DONDOL
FDWLRQVIURPWKHJODVV OHDGLQJ WRDVLOLFDULFK OD\HU WKDW LVDOVR
UHGXFHG LQ GHQVLW\ (O6KDP\  (O6KDP\ HW DO 
7KH DOWHUDWLRQ WDNHV SODFH DW WKH VXUIDFH EXW WKH ZDWHU DOVR
SHQHWUDWHVEH\RQG WKHYLVLEOH LQWHUIDFHEHWZHHQ WKHDOWHUHGDQG
SULVWLQH JODVV DW D GHSWK WKDW LV D IXQFWLRQ RI JODVV









































7KLV QHZO\ IRUPHG VLOLFDULFK OD\HU DFWV SDUWO\ DV D SURWHFWLYH
OD\HU WR WKH JODVV VORZLQJ WKH UDWH RI GHFD\ 7KH VXUURXQGLQJ
DTXHRXV OD\HU WKHQ EHFRPHV PRUH KLJKO\ DONDOLQH ZLWK WKH
LQFUHDVHLQVRGLXPDQGSRWDVVLXPLRQV$WS+WKHVLOLFDDQG
VRPHWLPHVFDOFLXPULFKOD\HULVDWWDFNHGDQGWKHSURFHVVVWDUWV
DJDLQ 7KXV WKH LQWHUDFWLRQ RI JODVV ZLWK ZDWHU LQYROYHV RU
FDXVHV S+ FKDQJHV LQ WKH VROXWLRQ ZKLFK LQIOXHQFHV WKH W\SH
DQGUDWHRIUHDFWLRQ(O6KDP\DQG'RXJODV(O6KDP\HW
DO  &R[ DQG &RRSHU  6WHUSHQLFK DQG /LERXUHO
*XOPLQLHWDO5HKUHQ-DFNVRQHWDO
$EG$OODK
+RZHYHU WKH KLJK FRQWHQW RI VRGD 1D2 RU .2 OHDGV WR WKH
SURFHVVRIOHDFKLQJDQGFRUURVLRQRIWKRVHJODVVHVGXULQJEXULDOLQ
ZHWHQYLURQPHQW3DXO,QOHDFKHGRUFRUURGHGJODVVWKHUH
LVDQREYLRXV FKDQJH LQ WKHFRPSRVLWLRQVRIZHDWKHUHGFUXVWV LQ
FRPSDULVRQZLWK WKHGXUDEOHJODVV FRUHRI WKH VDPH VDPSOH LH
VRGLXP DQG SRWDVVLXP FRQWHQW GHFUHDVHV ZKHUHDV VLOLFD DQG
FDOFLXPFRQWHQWLQFUHDVHV1HZWRQDQG'DYLVRQ
7KH PDLQ REMHFWLYH RI WKLV VWXG\ LV ILUVWO\ WR FKDUDFWHUL]H WKH
FKHPLFDO FRPSRVLWLRQ RI WKRVH 5RPDQ JODVVHV H[FDYDWHG IURP
WKHDUFKDHRORJLFDOVLWHRI8PP4DLV*DGDUDVHFRQGO\WRDVVHVV
WKH GHWHULRUDWLRQ VWDWH LQ UHODWLRQ WR EXULDO HQYLURQPHQW DQG
GLDJQRVLV WKH YDULRXV DVSHFWV RI GHFD\ E\ XVLQJ YLVXDO
REVHUYDWLRQDQGVFDQQLQJHOHFWURQPLFURVFRS\H[DPLQDWLRQ
2. EXPERIMENTAL 
2.1 Glass samples 
$VHULHVRIJODVVIUDJPHQWRIGLIIHUHQWFRORUVDQGW\SRORJLHV
ZDV FROOHFWHG IXOO\ FOHDQHG IURP WKH VRLOHG GHSRVLWV DQG




2.2 Analytical techniques 
7KH JODVV VDPSOHV ZHUH DQDO\]HG E\ WKH PHDQV RI D 3KLOLSV
0DJL[SZ;UD\IOXRUHVFHQFHVSHFWURPHWHU;5)ZKLFK




DQG RSWLFDO DVVHVVPHQW ZDV FDUULHG RXW $ VFDQQLQJ HOHFWURQ
PLFURVFRS\ 6(0 PRGHO )(, 4XDQW  RSHUDWHG LQ D
VHFRQGDU\ HOHFWURQ PRGH ZDV XVHG WR H[DPLQH WKH VXUIDFH
PRUSKRORJ\ DQG LQYHVWLJDWH WKH VWUXFWXUH RI HQFUXVWDWLRQV DQG
WKHXQGHUO\LQJJODVVVXUIDFH
 
3. RESULTS AND DISCUSSION 

3.1 Chemical characterization 
7KH FRPSRVLWLRQV RI WKH SUHYLRXVO\ GHVFULEHG  JODVV
IUDJPHQWV FROOHFWHG IURP WKH 5RPDQ WRPEV QR  DQG  DV
SURYLGHG E\ WKH DLG RI ;UD\ IOXRUHVFHQFH VSHFWURVFRS\ ;5)
DUH VKRZQ LQ7DEOH7KH UHVXOWVRI WKH DQDO\VHV LQGLFDWH WKDW
WKHPDMRUFRPSRQHQWVRIWKHJODVVVDPSOHVDUHVLOLFD6L2DYJ
VRGD1D2DYJOLPH&D2DYJDQG
DOXPLQD $O2 DYJ  7KH\ZHUH DOVR FKDUDFWHULVHG E\
ORZFRQWHQWVRISRWDVK .2DYJDQGPDJQHVLD 0J2
DYJ7KHUHIRUH WKHVHJODVVHV FDQEH FODVVLILHG DV VRGD
OLPHVLOLFD 1D2&D26L2 JODVV DQG FRUUHVSRQG WR WKH
SUHYLRXVO\GHILQHG/HYDQWLQH,JODVVJURXSWKHFRPPRQW\SHRI
DQFLHQW JODVV IRU PRUH WKDQ WKUHH WKRXVDQG \HDUV )UHHVWRQH
)R\HWDO7LWHHWDO6FKLELOOHHW
DO)RVWHUDQG-DFNVRQ$EG$OODK







JODVV IURP LWV UDZPDWHULDOV WKURXJK IULWWLQJ DQGPHOWLQJ RU D
VHFRQGDU\SURGXFWLRQWKHSUHSDUDWLRQRIDTXDQWLW\RIKRWJODVV
E\ PHOWLQJ WKH SULPDU\ JODVV LQ FUXFLEOH SURFHVVLQJ DQG
ILQLVKLQJLWLQWRJODVVDUWHIDFWVDWWKHVHVLWHVKDVEHHQIRXQGWR
GDWH ,WZDVVWDWHG WKDWJODVVSURGXFWLRQ LQ WKHILUVWPLOOHQQLXP
$' ZDV GLYLGHG EHWZHHQ D UHODWLYHO\ VPDOO QXPEHU RI
ZRUNVKRSVWKDWPDGHUDZJODVVDQGDODUJHQXPEHURIVHFRQGDU\
ZRUNVKRSV WKDW IDEULFDWHGYHVVHOV'XULQJ WKH5RPDQDQG ODWHU
SHULRGV JODVVZDV SURGXFHG IURP LWV UDZPDWHULDOV LQPDVVLYH
WDQN IXUQDFHV LQ D OLPLWHG QXPEHU RI JODVV SURGXFWLRQ FHQWUHV
SRWHQWLDOO\LQWKH/HYDQWLQHDUHD7KHXQIRUPHGFKXQNVRIUDZ
JODVV RULJLQDWLQJ IURP WKHVH IXUQDFHV ZHUH WKHQ UHPHOWHG WR










LQ 1RUWKHUQ -RUGDQ VXFK DV %HLW 5DV IRU ORFDO UHZRUNLQJ LQ
RUGHUWRSURGXFHJODVVYHVVHOVLQODUJHTXDQWLWLHV
7KHKLJKFRQWHQWRIPDQJDQHVHR[LGH LQ VDPSOHVDQG 0Q2




LQ WKH IRUPRI 0Q LRQZKLFK DFWV DV DQ R[LGL]LQJ DJHQW DQG
FRQYHUWV WKH LURQ IURP LWV UHGXFHG VWDWH )HZKLFK LV D VWURQJ
JUHHQLVK EOXH FRORUDQW WR DQ R[LGL]HG VWDWH )H ZKLFK KDV D
\HOORZLVK EXW PXFK OHVV LQWHQVH FRORU -DFNVRQ  $EG
$OODK




IUDJPHQWV DQG JUHDW DUHD RI WKHLU ERGLHVZDVPLVVHG%RWK WKH
LQQHUDQGRXWHUVXUIDFHVRIWKHJODVVHVFRPSOHWHO\DUHFRUURGHG
DQG FRYHUHG ZLWK WKLQ PLON\ OD\HUV RI FRUURVLRQ SURGXFWV
(YHQWXDOO\ WKHVH OD\HUVVHSDUDWHVOLJKWO\DQGEHLQJRIGLIIHUHQW
DQGLUUHJXODUWKLFNQHVVUHIUDFWOLJKWGLIIHUHQWO\JLYHQDFRORUHG
HIIHFW NQRZQ DV LULGHVFHQFH 7KH OD\HUV EHFDPH H[WUHPHO\
IUDJLOHDQGSHHORIILQYHU\WKLQRQLRQVNLQOLNHSLHFHV
$OO WKH JODVV REMHFWVZHUH IRXQGZHW DQG  FRYHUHGZLWK WKLFN
KDUG OD\HUVRI VDOW\ VRLOLQJDQGGLUWZKLFKVWURQJO\DGKHUHG WR
WKHJODVVVXUIDFH0RUHRYHUWKHLQWHULRULIWKHJODVVHVZHUHILOOHG
ZLWK D KDUG OXPS RI VRLOLQJ DQG GLUW )LJV   6FDQQLQJ
HOHFWURQPLFURVFRS\ H[DPLQDWLRQ RI JODVV VDPSOHV UHYHDOV WKDW
JODVV ZDV FRPSOHWHO\ FRUURGHG ,W ZDV REVHUYHG WKDW
GHWHULRUDWLRQSURFHHGLQJIURPWKHVXUIDFHWRWKHLQWHULRU,QPRVW
FDVHVODUJHDUHDVRIWKHZHDWKHULQJFUXVWVDUHGHVWUR\HGULFKLQ
GLVVROXWLRQYRLGV DQG ORVVHV LWV JODVV\QDWXUH2WKHU DVSHFWV RI
GHWHULRUDWLRQ ZHUH REVHUYHG VXFK DV IRUPDWLRQ RI ZHDWKHULQJ
FUXVWV FDOFDUHRXV VDOW JURZLQJ VRLOHG GHSRVLWV FRYHUHG JODVV
VXUIDFHFUDFNLQJDQGSLWWLQJRIFRUURGHGVXUIDFH)LJ
3.3 Burial conditions assessment 
,QVLGH WKH URFNFXW WRPEV QXPEHUHG DQG )LJ DQG  WKH
PHQWLRQHGJODVV REMHFWVZHUH EXULHG WRJHWKHUZLWK RWKHU ERQ\
PHWDOOLF DQG SRWWHU\ UHPDLQV LQ D GDPS FRKHVLYH VDOW\
FDOFDUHRXV FOD\ VRLO  6RLOPRLVWXUH FRQWHQW   3+ YDOXH 
 6DOLQLW\ (&   PPRKVFP 'HQVLW\  JPFP 
3RURVLW\  8QGHU WKHVH FRQGLWLRQV WKH JODVV KDV EHHQ
EURNHQ GRZQ )XUWKHUPRUH LW KDV EHHQ VXEMHFWHG WR YHU\
LQWHQVLYH FKHPLFDO GHWHULRUDWLRQ WKH IOX[ LV OHDFKHG RXW







RYHUODS ZLWK PDQ\ RWKHU PDWHULDOV LQ D VWDWH RI ZHDNQHVV
&RUURGHGJODVV LVVHQVLWLYH WRPRLVWXUHDQGVKRXOGEHVWRUHG LQ
DV VWDEOH DQ HQYLURQPHQW DV SRVVLEOH ,GHDOO\ WKH UHODWLYH
KXPLGLW\ VKRXOG EH  RU OHVV 6LQJOH\  6FLFKLORQH
 $EG$OODK  ,Q D DONDOL ULFK JODVV VRGLXP DQG
SRWDVVLXPDUHVOLJKWO\VROXEOHLQVRPHJODVVFRPSRVLWLRQV,QWKH
SUHVHQFH RI KLJK UHODWLYH KXPLGLW\ WKHVH FRPSRQHQWV FDQ EH
OHDFKHGRXWWRWKHVXUIDFHRIWKHJODVVZKHUHWKH\DUHFRQYHUWHG
WR FDUERQDWHV 7KHVH FDUERQDWHV DWWUDFW PRLVWXUH DQG VPDOO
GURSOHWVRIZDWHUEHJLQWRDSSHDURQWKHVXUIDFHRIJODVVKHQFH
WKHQDPHZHHSLQJJODVV7KHOHDFKLQJSURFHVVFDXVHVWLQ\FUDFNV
WRDSSHDU LQ WKHJODVV DQGHYHQWXDOO\ WKHJODVV FDQEHEHFRPH
RSDTXHZLWKVPDOOVXUIDFHIODNLQJ)XUWKHUOHDFKLQJDQGGURSOHWV
IRUPDWLRQ ZLOO EH VWRSSHG LI WKH JODVV LV NHSW DW D UHODWLYH
KXPLGLW\EHORZ,I WKHVWRUHURRP LVYHU\GDPS LWPD\EH
QHFHVVDU\ WR SDFN JODVV LQ DLUWLJKW FRQWDLQHU ZLWK VLOLFD JHO
)XUWKHUPRUHJODVVREMHFWVVKRXOGEHVWRUHG LQDVXLWDEOHER[HV
RUFDUGERDUGFRQWDLQHUV ,QDGGLWLRQ WRDUWLIDFWV VXSSOHPHQWDU\



























)LJXUH  %XULHG JODVV REMHFWV XQFRYHUHG LQ
WRPEQRWRJHWKHUZLWKRWKHUQXPHURXVILQGV
VHDVRQ
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7DEOH&KHPLFDOFRPSRVLWLRQRIWKHVHOHFWHGJODVVVDPSOHVREWDLQHGE\;5) 
)LJXUH  6HFRQGDU\ HOHFWURQ LPDJHV RI GDPDJHG JODVV VDPSOHV VKRZLQJ WKH DVSHFWV RI D
IRUPDWLRQ RI ZHDWKHULQJ FUXVWV E IRUPDWLRQ RI FDOFLXP FDUERQDWH HQFUXVWDWLRQV F VRLOHG
GHSRVLWV FRYHUHG JODVV VXUIDFH G FUDFNLQJ DQG SLWWLQJ RI FRUURGHG VXUIDFH ODUJH DUHDV RI WKH
ZHDWKHULQJFUXVWVEHGHVWUR\HGULFKLQGLVVROXWLRQYRLGVDQGORVVHVLWVJODVV\QDWXUH 















QRW VKRZ D FOHDU GLVWLQFWLRQ LQ WHUPV RI FKHPLFDO FRPSRVLWLRQ
EHWZHHQWKH5RPDQJODVVIURP8PP4DLV*DGDUDDQGWKHRWKHU
5RPDQVLWHV LQ1RUWKHUQ-RUGDQ7KH UHVXOWLQJGDWDVKRZV WKDW
WKH DQDO\VHG VDPSOHV DUH H[DPSOHV RI VRGDOLPHVLOLFD JODVV
ZLWKQDWURQXVHG DV IOX[ZKLFKZDV SUREDEO\PRVWO\ REWDLQHG
IURP :DGL 1DWUXQ LQ (J\SW /LPH RU FDOFLXP FDUERQDWH ZDV
FHUWDLQO\XQLQWHQWLRQDOO\SUHVHQW LQ WKHFRPSRVLWLRQGXH WR WKH
XVH RI OLPHULFK TXDUW] VDQG IURP WKH 6\UR3DOHVWLQLDQ RU
/HYDQWLQHFRDVWVWKXVFDOFLXPFDUERQDWHZDVLQFRUSRUDWHGZLWK
WKH VDQG UDWKHU WKDQ DGGHGDV D VHSDUDWH FRPSRQHQW +DWWRQ HW
DO$OOWKHDQDO\VHGJODVVHVFRUUHVSRQGWRWKHSUHYLRXVO\
GHILQHG/HYDQWLQH,JODVVJURXS)LJ
%XULHG JODVV PRVWO\ IRXQG LQ EDG FRQGLWLRQ DQG VXEMHFWHG WR
LQWHQVLYH FRUURVLRQ DQG RWKHU GHWHULRUDWLRQ DVSHFWV VXFK DV
SLWWLQJFUDFNLQJHQFUXVWDWLRQGXOLQLQJDQGVDOWFU\VWDOOL]DWLRQ









7KH DXWKRU JUDWHIXOO\ DFNQRZOHGJH WKH 'HSDUWPHQW RI
$QWLTXLWLHVRI-RUGDQIRUWKHLUVXSSRUW*UHDWWKDQNVWRERWK0U
6DODPD)D\DG DQG0U1DVU DO=RXEL DVZHOO DV WKHLU H[FHOOHQW
WHDPPHPEHUVDQGORFDOZRUNHUVZKRGRWKHLUEHVWVLQWKHZRUN
ILHOG DW 8PP 4DLV DUFKDHRORJLFDO VLWH *UDWLWXGH DOVR LV WR
+DPGL 0DQJR &HQWHU IRU 6FLHQWLILF 5HVHDUFK +0&65 7KH





$EG$OODK 5  6WDELOL]DWLRQ DQG WUHDWPHQW RI FRUURGHG
JODVV REMHFWV GLVSOD\HG LQ WKH PXVHXP RI -RUGDQLDQ KHULWDJH
0HGLWHUUDQHDQ$UFKDHRORJ\DQG$UFKDHRPHWU\33
$EG$OODK 5  6RODUL]DWLRQ EHKDYLRU RI PDQJDQHVH
FRQWDLQLQJ JODVV $Q H[SHULPHQWDO DQG DQDO\WLFDO VWXG\
0HGLWHUUDQHDQ$UFKDHRORJ\DQG$UFKDHRPHWU\SS
$EG$OODK 5  &KHPLFDO FKDUDFWHUL]DWLRQ DQG
PDQXIDFWXULQJ WHFKQRORJ\ RI ODWH 5RPDQ WR HDUO\ %\]DQWLQH




VWXG\ -RXUQDO RI &XOWXUDO +HULWDJH GRLMFXOKHU
LQSUHVV
&R[* &RRSHU*  6WDLQHG JODVV LQ<RUN LQ WKHPLG







WKH S+ RI WKH GHFRPSRVLWLRQ RI JODVVHV E\ DTXHRXV VROXWLRQV
*ODVV7HFKQRORJ\SS

(O6KDP\ 7  7KH UDWHGHWHUPLQLQJ VWHS LQ WKH
GHDONDOLVDWLRQ RI VLOLFDWH JODVVHV 3K\VLFV DQG &KHPLVWU\ RI
*ODVVHVSS

(O6KDP\7 'RXJODV 5   .LQHWLFV RI WKH UHDFWLRQ RI
ZDWHUZLWKJODVV*ODVV7HFKQRORJ\SS

(O6KDP\7 0RUVL 6 7DNL(OGLQ+ $KPHG $ 





LQ &XOWXUDO +HULWDJH 0 0DJJHWWL % 0HVVLJD (GV
*HRORJLFDO 6RFLHW\ RI /RQGRQ 6SHFLDO 3XEOLFDWLRQ  
33
)UHHVWRQH ,  7KH SURYHQDQFH RI DQFLHQW JODVV WKURXJK
FRPSRVLWLRQDODQDO\VLV39DQGLYHU-0DVV$0XUUD\(GV
0DWHULDOV ,VVXHV LQ $UW DQG $UFKDHRORJ\ 9,,
0DWHU5HV6RF6\PS 3URF :DUUHQGDOH 3$  SS
2222

)RVWHU + -DFNVRQ &  7KH FRPSRVLWLRQ RI µQDWXUDOO\
FRORXUHG¶ ODWH 5RPDQ YHVVHO JODVV IURP %ULWDLQ DQG WKH
LPSOLFDWLRQVIRUPRGHOVRIJODVVSURGXFWLRQDQGVXSSO\-RXUQDO
RI$UFKDHRORJLFDO6FLHQFHSS
)R\' HW DO &DUDFWpULVDWLRQ GHV YHUUHV GH OD ILQ GH
O
$QWLTXLWp HQ 0pGLWHUUDQpH RFFLGHQWDOH O
pPHUJHQFH GH
QRXYHDX[FRXUDQWVFRPPHUFLDX[')R\0'1HQQD (GV
eFKDQJHV HW FRPPHUFH GX YHUUH GDQV OHPRQGH DQWLTXH$FWHV
GX FROORTXH GH O
$,+9 $L[HQ3URYHQFH HW 0DUVHLOOH MXLQ
 0RQRJUDSKLHV ,QVWUXPHQWXP  0RQLTXH 0HUJRLO
0RQWDJQDFSS±
)UHHVWRQH , HW DO  %\]DQWLQH DQG HDUO\ ,VODPLF
JODVVPDNLQJ LQ WKH (DVWHUQ 0HGLWHUUDQHDQ SURGXFWLRQ DQG
GLVWULEXWLRQRISULPDU\JODVV*.RUGDV(G+\DORV9LWUXP
*ODVV +LVWRU\ 7HFKQRORJ\ DQG &RQVHUYDWLRQ RI JODVV DQG
)LJXUH/HYDQWLQHJODVVHV IURP WKH5RPDQ VLWHV
RI<DVLHOHK'RKDOHHKDQG%HLW5DVFRPSDUHZLWK
JODVV IURP *DGDUD LQ 1RUWKHUQ -RUGDQ 'DWD RI
$EG$OODK
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YLWUHRXV PDWHULDOV LQ WKH +HOOHQLF :RUOG VW ,QWHUQDWLRQDO
FRQIHUHQFH5KRGHV *UHHFH $SULO $WKHQV SS 









+DWWRQ* 6KRUWODQG$ DQG 7LWH0  7KH SURGXFWLRQ
WHFKQRORJ\ RI (J\SWLDQ EOXH DQG JUHHQ IULWV IURP VHFRQG




FRPSRVLWLRQDO DQG PRUSKRORJLFDO FKDQJHV LQ PRGHO
DUFKDHRORJLFDO JODVV LQ DFLGLFPDWUL[$UFKDHRPHWU\   SS


1HZWRQ 5 DQG'DYLVRQ 6 &RQVHUYDWLRQ RI JODVV VW
HGLWLRQ%XWWHUZRUWK/RQGRQ
1LHOVRQ +  6YHQG *DGDUHQHV LQ $QFKRU %LEOH
'LFWLRQDU\YRO'1)UHHGPDQ(G1HZ<RUN'RXEOHGD\




RI HDUO\ (J\SWLDQ JODVVHV DQG IDLHQFH DONDOL DQG DONDOL HDUWK
R[LGHV-RXUQDORI$UFKDHRORJLFDO6FLHQFHSS

6FLFKLORQH*2Q VLWH VWRUDJH RI ILQGV ,Q &RQVHUYDWLRQ
RQDUFKDHRORJLFDOH[FDYDWLRQV,&&5205RPHSS
6WHUSHQLFK - /LERXUHO *  :DWHU GLIIXVLRQ LQ VLOLFDWH
JODVVHV XQGHU QDWXUDO ZHDWKHULQJ FRQGLWLRQV HYLGHQFH IURP






6  7KH FRPSRVLWLRQ RI WKH VRGDULFK DQG PL[HG DONDOL
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